In the present work, proton exchange membranes were prepared from SEBS copolymer and natural latex modified with vanadium pentoxide (V2O5) to evaluate its performance as an electrolyte in a fuel cell through the characterization of its physicochemical and mechanical properties. The results show that the 0.5% V2O5 addition was favorable for the water absorption test due to its hydrophilic character. The ion exchange capacity had a similar behavior since water is the means for the main mechanisms of protons to occur inside the membrane. The stretching properties and maximum effort decrease with increasing the V2O5 load, but it boosted the Young's modulus. With the FTIR analysis, the presence of V2O5 was verified in the loaded membranes. Therefore, it is necessary to improve ion exchange capacity and mechanical properties to apply this membranes as an electrolyte in a fuel cell.
Introduction
Nowadays, fossil fuels have become the main source for the production of electric power worldwide [1] , generating in turn gases of effect and acid rain that affect the quality of life. In the last decades, alternatives have been developed to mitigate the problematic through cleaner sources of energy generation. Within this group are the proton exchange membranes fuel cells (PEMFC) which do not present generation of polluting gases, but which have had a slow introduction to the market and high electrolyte costs. Reason for which it is necessary to characterize new polymers or polymer mixtures [2, 3] that allow to continue with the development of fuel cells. It has been shown that the addition of inorganic filler tends to improve the characteristics of the polymeric membrane such as water retention, ion exchange and mechanical properties [1, 2] .
In the present work, a polymeric membrane made from SEBS copolymer and natural latex was synthesized, which was modified by adding vanadium pentoxide in different proportions to evaluate its effect on the physicochemical and mechanical properties of the membrane.
Materials and Methodology

Materials
Styrene-Ethylene-Butylene-Styrene (SEBS) copolymer, natural latex, toluene, hydrochloric acid, sodium chloride and sodium hydroxide were used for the preparation and characterization of the membranes. In the loading process vanadium pentoxide (V2O5) and latekoll were used to facilitate the dissolution of the charge.
Methodology
The solution was prepared by diluting 0.66 mL of latex in 40 mL of toluene using a beaker with magnetic stirring, whose operating conditions were 80 °C and 250 rpm. Once the latex was dissolved, 2 hours after the start of the process, it was continued with the addition of 2 g of SEBS, which was added progressively in a time of 3 hours. The solution was allowed to evaporate until reaching a level of 25 mL, then it was dosed in a Petri dish and left on a level surface for 5 days to subsequently obtain the unmodified membrane. For the loaded membranes, a similar solution to that previously described was prepared, after completing the SEBS dissolution, 0.5 mL of latekoll was added (additive used to improve the dispersion of the charge in the polymeric matrix), 2 hours later it was added 0.01 g of V2O5 corresponding to the load of 0.5% and 4 hours later the solution was allowed to reach a level of 25 mL to start the drying stage. The following load percentage was prepared in the same way but substituting the amount of load added by 0.02 g of V2O5 corresponding to the load of 1.0%.
Characterization of the membranes
To obtain water absorption capacity, dry membranes were weighed (Ws), then immersed in distilled water at room temperature for 24 hours, after this time they
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were removed from the water and weighed again (Wh). The percentage of water retained was calculated with the following equation [2] .
To determine the ion exchange capacity, the membranes were immersed in a 1M HCl solution for 24 hours, then they were removed and washed with abundant distilled water to remove the excess acid. Subsequently, the membranes were placed in a 1 M NaCl solution for 24 hours, after which time they were removed with a sterile clamp and the titration was started with 0.01M NaOH. The value for the ion exchange (IEC) capacity was calculated with the following relationship:
where VNaOH is the volume of NaOH used in the titration, CNaOH the concentration of the NaoH and Ws the mass of the dry membrane [3] .
The mechanical properties of the polymer membrane, such as maximum stress, maximum deformation and Young's modulus, were carried out in the EZ-S Shimadzu texturometer equipment at a constant speed of 250 mm/min. The FTIR analysis was carried out using a Nicolet 6700 Fourier transform spectrophotometer, which allows to know the main functional groups of the molecular structure of a compound in the range of lengths of wave between 4000 cm -1 and 400 cm -1
Results and discussion
Fig . 1 shows the three types of membranes synthesized, each characterized by water absorption, ion exchange capacity, mechanical tests and FTIR analysis. 
Water absorption capacity
The addition of latex to the SEBS copolymer was favorable since it presents a water retention of 1.35% [4] and Fig. 2a shows that unmodified membrane has a value of 3.91%, this increase of 2.56% in the water retention capacity is due to the contribution of the latex as hydrophilic substance, which have been reported water retention values of a 12.07% [5] . The membrane loaded to 0.5% with vanadium pentoxide has the highest water retention with a value of 32.9%, this is due to the hydrophilic characteristics given by this metal transition oxide [6] and its chemical structure that allows an adequate interaction with the polymer network modifying the properties of the membrane, in this case to increase water absorption [7] . However, increasing the load to 1.0% shows a decrease in the water retention capacity of 18.66% with respect to the membrane loaded at 0.5% because not all V2O5 particles to attach to the polymer network reducing the free volume, which decreases the swelling capacity of the membrane [8] . It can be added that the presence of latekoll contributed to the high uptake of water in the loaded membranes, since it is composed of polyacrylate chains, which from pH 7 are developed by increasing the swelling of the membrane and therefore the retention of water [9] .
Ion exchange capacity
In Fig. 2b it is observed that the unmodified membrane has an ion exchange of 0.057 meq/g, when compared with a previous study on the SEBS copolymer [10] whose ion exchange was 0.032 meq/g it is evident that the Latex addition improved this property by 80%, due to its hydrophilic nature based on what was reported by [5] where an ion exchange for latex of 0.11 meq/g was obtained.
With the help of water molecules that are inside the hydrated membrane facilitates the transport of protons through it, by "jumps" known as Grottus mechanism and also by diffusion, known as vehicular transport [11] . The membranes loaded at 0.5% and 1.0%, showed an increase of 212.2% and 21.1%, respectively, in the capacity of ion exchange compared to unmodified membrane, behaving similarly to the results obtained in water absorption test, that is, the load is favorable until the saturation level is reached, after this point, the load behaves like a ceramic filling, reducing the free volume of the membrane and reducing its swelling capacity [8] . Table 1 shows that for the maximum stress test the unmodified membrane has better performance, the addition of load was unfavorable caused by a bad interaction between the V2O5 and the polymer, it has been reported that the excessive concentration of inorganic load can generate a non-uniform dispersion in the polymer matrix, which causes a convergence of many stress points in the membrane that is subject to the action of external forces, which weakens the mechanical stability of the membrane [12] . Unmodified membrane presents highest maximum deformation test, this can be attributed to the good elastic properties conferred by the latex in the SEBS-Latex mixture, since for this maximum deformation values have been reported up to 952.3% [13] . The addition of load restricts the stretching capacity of the membrane but enhances the response in the elastic zone of deformation because the presence of V2O5 affects the normal stretching of the polymer chains, which is why the Young's Module could be improved in the loaded membranes. Figure 3 shows FTIR spectrum for each membrane where the unmodified membrane presents characteristic vibration of the SEBS copolymer corresponding to the C-H bonds at 2915 cm -1 and 2848 cm -1 , C-C of the aromatic ring at 1600 cm -1 and 1585 cm -1 [14] , there is also a peak in 747 cm -1 attributed to vibrations of the C-H link of the aromatic ring out of the plane [15] . The presence of the latex is confirmed by the signals observed in the region of 1660 cm -1 and 1544 cm -1 associated with the C=C double bond characteristic of the poly(cis-1,4-isoprene) main constituent of natural latex [16] . The loaded membranes present new characteristic bonds corresponding to the presence of vanadium pentoxide, being more intense when increasing the load percentage. These signals are located in 1000 cm -1 and in 829 cm -1 , belonging to the vibrations of the V=O and V-O-V bonds respectively [17, 18] .
Mechanical tests
FTIR Analysis
Conclusions
It was observed that the 0.5% loaded membrane had the highest water absorption capacity due to the hydrophilic character of V2O5 and its good interaction with the polymeric network. The 0.5% loaded membrane had the highest ion exchange capacity as well, this result has the same trend of the water absorption test because water is the medium that allows to transmit the proton through the membrane, hence, the ion exchange capacity decreases with the increasing of the load. The addition of load reduced the properties of effort and maximum deformation, but it boosted the Young's modulus since the V2O5 prevents the normal stretch of the membrane in the elastic zone. Finally, the FTIR analysis corroborated the modification made to the base polymer. It is concluded that the addition of charge was favorable but not sufficient to apply the membrane as an electrolyte in a fuel cell due to the low level of ion exchange and mechanical properties.
